Remote site deprotonation of a coordinated imidazole ligand switches the reduction potential of coordinated iron over a narrow pH range from +0.920 to 20.460 V.
A fundamental concept of coordination chemistry is that ligand type may favour one oxidation state of a metal over another. Thus p-acceptor ligands such as CO and PF 3 stabilise low oxidation states, whereas high oxidation states are favored by pdonor ligands such as fluoride or anionic oxygen donors. Implicit in this concept is the idea that chemical modification of the ligand may change its ligating properties, and thereby modify the reduction potential of the metal to which it is coordinated. Protonation or deprotonation of the ligand at a site remote from the metal-ligand bond is a simple, reversible method of modification, and in this communication we show how the deprotonation of a coordinated imidazole ligand can influence dramatically the redox potential of iron bound to the ligand as well as influencing the spin state.
Ligand 1 in acetonitrile forms the complex [Fe(1) 2 ] 2+ expected by analogy with the related benzimidazole ligand 2 whose complexes with iron(ii) have been studied previously. [1] [2] [3] The dark red complex † showed a strong MLCT band in methanol at 520 nm (e = 5900 l mol 21 cm 21 ). Upon treatment with Bu t OK in methanol under nitrogen the solution became dark purple and showed the red shift and increase in intensity previously observed 1 2 Since iron(ii) coordinated to unsaturated nitrogen heterocyclic ligands is generally very hard to oxidise, the observation of spontaneous oxidation by air was surprising, especially since [Fe (2) Deprotonation of coordinated imidazole at the pyrrolic hydrogen has been reported on many occasions 5 and often results in the imidazolate acting as a bridging ligand with formation of binuclear species. 6 For 1 2 2H this is impossible as a result of steric hindrance from the pyridyl moiety, but the basic nature of the deprotonated nitrogens is shown by the strong hydrogen bonds formed between N3 and N5 and the water molecules bound to sodium in [Fe(1 2 2H) 2 ][Na- 8 .67(7), 9.86(10) and 9.92 (9) . These values should be interpreted with some caution since oxidation probably occurs before dissociation of all the protons. After removal of two protons the spectrum of the mixture is very similar to a superposition of the spectra of [Fe(1) 2 ] 2+ and [Fe(1 2 2H) 2 ] 2 .The pK a s are close to those previously reported for imidazole bound to Fe(ii). 5 We have found no reference to the effect of imidazole deprotonation upon redox potential in the literature. Although we would intuitively expect that the progressive introduction of negative charge onto the ligand would favour the higher oxidation state, the magnitude of the effect, some 1380 mV, is much greater than we anticipated. Haga et al. have studied the effect of deprotonation of coordinated benzimidazole ligands in ruthenium and osmium complexes 7 and has shown a shift of the reduction potential to more negative values upon deprotonation of ca. 300 mV per proton. This is broadly consistent with the effect observed here for the removal of four protons. It is of course well known that deprotonated pyrrolic ligands such as porphyrins and phthalocyanines allow stabilisation of iron(iii) in a low spin state.
In conclusion, we have shown that it is possible to switch the redox potential of the iron(iii)/iron(ii) couple from strongly oxidising to strongly reducing over a limited range of pH (between 8 and 10). There is consequently a strong coupling between electron and proton transfer: proton loss from the ligand is followed by electron loss from iron(ii), and proton capture by the ligand makes the iron(iii) oxidising. We believe that this may be significant for biological oxygen chemistry, where reduction of dioxygen is accompanied by proton transfer to the dioxygen moiety, and oxidation of water requires concomitant deprotonation. It is to be noted that in many oxygen-reducing enzymes, iron is coordinated by imidazole ligands from histidine residues, 8 while in photosystem II the manganese ions are equally thought to have imidazole in the coordination sphere. 9 In such systems deprotonation of the imidazole might allow the attainment of a high oxidation state for manganese; proton transfer from coordinated water to the imidazole would then raise the oxidation potential of the metal to a degree where oxidation of the coordinated oxygen would be possible. Experiments to test this hypothesis are in progress. Finally, we may note that the protonation-deprotonation equilibrium also switches the spin state of the iron, and the affinity of the ligand for the metal, notably in the Fe(iii) state. 
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